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This leads to my talk here on …



Anthropocene

• A new geological epoch in which humankind has
emerged as a globally significant, and potentially
intelligent, force capable of reshaping the face of
the planet (Clark et al., 2004).
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http://www.secularhumanism.org/library/fi/flynn_24_5.htm



Architecture: Body Skeleton

From: http://www.innerbody.com/image/musfov.html

Flow: Blood and Oxygen





(From: Hillel, 1998)
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Dual-Flow Regimes

Like a “hare and 
tortoise” race

• Macropores:
Episodic, rapid spurts,
gravity-driven

• Micropores:
Slow, generally
continuous (at
variable rates), driven
by hydraulic gradients
that are variably
directed



Piston Flow Preferential Flow

Two Flow Regimes
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Tow possible explanations for the rapid transmission of the hydrometric signal in these systems.  The first, and one of the earliest, is piston, or translatory flow.  In this case, new water lands on the surface, and pushes old water out.  Much like a full hose, while the new water takes a long time to move through the system, the hydrometric response is very rapid.  However, this leaves the question:  How do we explain the rapid fluxes of tracer seen at some sites.  Returning to Maimai, in 1996 Brammer applied a tracer 35 m upslope, and saw it at the hillslope base within 6 hours of the first precipitation event.The second hypothesis is that flow is dominated by preferential flow, as conceptualized here by the Hill Vi model of Weiler.  In this case, water simply moves through large pore quickly downslope.  This theory, however, is at odds with the observations of a large pre-event water contribution.  The question then, is : where does the mixing occur?Neither of these two hypothesized processes seem to fully explain the observed responses.  Our question, then is: How do these systems respond so quickly to precipitation, yet discharge old water?



Why Soil Architecture is Fundamental?

• Revolutionary understanding of natural systems all
roots in fundamental structure: DNA for biology,
atoms for physics, elements for chemistry.

• Studies of natural entities rely on fundamental
structure: water molecular structure (polarity,
intermolecular H bond), clay mineral structure (layer
silicate, surface charge, diffuse double layer), humus
(macro)molecular structure (despite extensive and
important studies, the basic “backbone structure” of
SOM is still an enigma).

• My “bold” prediction: A new era of soil science
research is to be “architecture-focused,” passing the
stage of “texture-focused.”



Components of Soil Architecture

• Pedality: grade, size, and shape of peds

• Porosity: size distribution, connectivity, tortuosity,
density and morphology of pores

• Interfaces: macropore-matrix interface, various
coatings on peds or pores, horizon interface, soil-
root interface, microbe-aggregate interface, soil-
bedrock interface, soil-water table interface, etc.

• Biology: root architecture, earthworm network,
architecture of animal borrows, microbial
distribution, etc.



Concept of Soil Architecture

• Broad (new) vs. narrow
(classical) concepts:
Soil Architecture (a building)
– Soil structure in the broadest sense
Soil Structure (a room)
Soil Aggregation (a desk)

• Across scales: Pore pedon
hillslope Catchment …





Preferential flow along various macropores
- Pore-scale soil architecture

Root Channel

Worm Hole

Interpedal Pore

(Lin et al., Adv. Agro, 2005)



A Vertisol in Texas

(Lin et al., Adv. Agro, 2005)



Chemical Movement

An Alfisol in 
Pennsylvania Soil Pore Network

(Luo et al., SSSAJ, 2008)
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PastureCropland

H-C H-P

M-C
M-P

Soil Type and Land Use Impacts

Hagerstown
Good structure
Fine texture

Morrison
Weak structure
Coarse texture



Hagerstown
Good structure
Fine texture

Pasture

Morrison
Weak structure
Coarse texture

Soil Type and Land Use Impacts
Cropland

More macropores

More macropores

2.8%
(2.4-3.1%)

6.1%
(5.6-7.4%)

2.4%
(2.2-2.6%)

3.1%
(3.1-3.2%)

(Luo et al., J Hydro, 2010)



Pedotransfer function for Ksat: Issue of scale (sample size)
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Ksat---soil column

Ksat---small core
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Stream Gauge

Dry (D1)

Moderately Dry (D2) 

Wet (W1)

Moderately Wet (W2)

Subsoil Moisture 
Clusters of the 

Monitoring Sites

100 m

N
E

Study Area

(Lin, VZJ, 2006)
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Here is what we currently have ongoing: 1) 115 sites of monitoring stations that include multi-depth TDR, nested tensiometers, piezometers, and shallow wells, 2) 12 automatic monitoring stations for soil moisture, water potential, temperature, water table, and precipitation, 3) 12 soil pits excavated for in situ whole profile characterizations including morphological and physiochemcal properties, 4) 3 what we call ETR sensor arrays for Evaporation-Transpiration-Recharge, plus a weather station, and 5) 4 transects for weathering and geochemistry study. The background map is the topographic wetness index. The subsoil wetness clusters (wet, moderately wet, moderately dry, and dry) were based on a combined consideration of soil thickness (depth to bedrock), topographic wetness index, and local slope. The red dashed polygons are swales.



July 28 Aug. 12 Aug. 15 Aug. 25

Spatio-Temporal Patterns of Soil Moisture at the Catchment Scale

(Lin et al.,
Geoderma, 2006)



Weikert

Berks

Rushtown

Weikert

Berks

Ground-penetrating radar (GPR) image of a subsurface (a swale) in the Shale
Hills Catchment. The green curve indicates an interpreted depth to bedrock.
The dash lines separate 3 soil series along the hillslope.

Soil Architecture at the Hillslope Scale



Before Infiltration After Infiltration 

GPR Transect along a Topographic Hollow 

Time-lapse GPR Imaging for Detecting Subsurface Preferential Flow
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Presentation Notes
Fig. 2 (Color). Upper Panel: A terrain-corrected ground penetrating radar (GPR) image collected using 200 MHz antenna at the Shale Hills along a topographic hollow (orthogonal to its long axis).  The green curve indicates the interpreted approximate soil-bedrock interface. The zoom-in images show a section of the hillslope before (left) and after (right) ten gallons of water infiltrated into the soil between the 2 and 3 m distance marks.Lower Panel: A 3D cutout cube of GPR radargram reconstructed from 16 parallel GPR transects collected at 0.25-cm spacing using 400 MHz antenna at the center of a swale in the Shale Hills Catchment.  The horizontally-oriented colluvial deposits are clearly shown at 1.5-2 m depth intervals, which often function as water-restricting layer.  
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Subsurface Soil Architecture

Water-restricting soil layer
(heterogeneous, sloping)



Critical Importance of Interfaces: 
Where actions and regulations occur!

Interface as a critical control: 
• Macropore-matrix interface: diffusion, water & ion 

exchange 
• Soil horizon interface: impedance, perched water 
• Water-air interface: capillarity, entrapped air
• Soil-root interface: nutrient uptake, root channel as 

preferential flowpath
• Microbe-aggregate interface: biogeochemical hot 

spot, denitrification microenvironment
• Ped interface: chemical reaction, sorption, coatings
• Soil-bedrock interface: preferential flow pathway, 

weathering front
• Soil-atmosphere interface: evaporation, gas emission
• Soil-water table interface: capillary fringe, 

groundwater contamination



Simulation of pipe flow in the Maimai hillslope. Black lines show the potential pipe network,
whereas blue lines show the actual amount of pipe flow in the hillslope.

(Weiler and McDonnell, 2005)



(Curtsey of Chris Graham, 2009)



Upslope (Weikert)

Midslope (Berks)

Downslope (Ernest)

Bubbling outlet

Bubbling outlet
when saturated

A macropore 
when dry

Surface runoff at toeslope 
near the stream

Surface runoff at footslope 
near the stream

Flow at the interface between the 
Weikert soil and the fractured shale

Observed Preferential Flow Pathways along the Shale Hills Hillslope

(Lin, VZJ, 2006)

Presenter
Presentation Notes
Fig. 1 (Color). Upper Panel: Illustrations of in situ observed preferential flow pathways at the Shale Hills Catchment along a hillslope of the Weikert-Berks-Ernest soil catena: A) fractured shale in the upslope area (the Weikert soil), B) a chipmunk burrow of about 5 cm in diameter in the midslope area (the Berks soil) when it is dry vs. when it is saturated during a storm, and C) return flow at the footslope and toeslope area (the Ernest soil) showing macropore bubbling seepage and surface runoff near the stream bank.Lower Panel: A conceptual model of hillslope subsurface preferential flow pathways in the Shale Hills Catchment.  Dashed arrows indicate main preferential flow pathways downslope. Three typical soil profiles along the hillslope are illustrated, along with their profile horizonation. The inset photo shows a vertical soil profile with three zones of preferential flow process as proposed by Flühler et al. (1996). 



1) Lateral flow through the interface 
between O and A horizons (and 

between A and B horizons during 
storms or snow melts)

O

A

Bw

C

Bt

O

A

Bw

C/R

O
A

Bw

C/R

Valley Floor
or Swale Bottom

(Wet Site)

Hilltop
(Dry Site)

4) Return flow at footslope 
and toeslope during snow 

melts or large storms 

3) Subsurface seepage through 
macropore networks in subsoils
(mostly activated during storms 

or snow melts) 

2) Flow at the 
soil-bedrock interface

Backslope
(Moderately Wet or

Moderately Dry Site)Stream

Main flow paths along the hillslope at the Shale Hills

~40 cm

(Lin et al., Geoderma, 2006)



Hidden Networks Belowground

Observable Networks Aboveground

Root branching network Mycorrhizal fungi network Earthworm borrowing networkPreferential flow network

A B C D

E F G H

Leaf vein network Landscape drainage network Dry soil cracking networkLightning network

(Lin, J Hydro, 2010)



Electrifying take-off?!



Pay serious attention to:
Soil Architecture & 
Preferential Flow!



 

Super site 

Satellite site 

Key site 

Transect

Soil Boundary

Crop Boundary

Legend

Corn

Soybean
Wheat

Soybean

Corn
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Fig. 3. The benchmark agricultural landscape selected for this study and a draft layout for the monitoring sites based on our preliminary study.







Soil Mn contents on and off water flow paths 
in an agricultural landscape

At clay layer interface At soil-bedrock interface 

(Zhu et al., SSSAJ, 2010)
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Listed here are additional diagnostic soil properties for both mineral and organic soils.  For example, lithic contact refers to a boundary …, paralithic contact is …, paralithic materials are commonly … Soil moisture and temperature regimes are very important in soil taxonomy. Because of the time limit, we will leave that to a separate lecture. Detailed definitions are provided in your handouts that would be your reading assignment.
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